Fig. 13 



Image data from light 
sensing devices 



S20 



convert data into xyz 
points in coordinate 
system of wheel 



T 



isolate field side rim 
surface 



T 



S22 



calculate angel of attack 



S23 



rotate data by angle of 
attack 



I 



S24 



Isolate field side rim face 
points from field side 
images 



^S25 



compute rim break circle 
center and radius 



T 



S26 



isolate reference groove 
points from field side 
images 



S27 



compute reference 
groove, circle center and 
radius 



S28 



isolate tread surface 
points and calculate 2nd, 
3rd order surface fits 



S29 



remove bad points from 
2nd order fit 



S30 



refit 2nd order surface 
from good tread points 



S31 



Isolate gage side rim 
surface points and fit to 
straight line 



S32 



calculate gage side rim 
face reference point 



S33 



isolate taping circle 
points 



-2L 



S34 



compute center and 
radius taping circle 



S35 



calculate rim thickness 



S36 



locate gage side rim 
break point 



S37 



rotate image 3 data until 
gage side rim break is 
below wheel center 



S38 



rotate image 3 data 
about gage side rim 
break until rim surface 
line is verti-etrt * 



S39 



isolate flange points in 
image 3 



S40 



fit flange points to 2nd 
order curve 



S41 



isolate flange peak 



/ 



S42 



isolate taping point 
corresponding to image 3 
profile 



S43 



calculate flange height 



S44 



locate flange gage point 



S45 



calculate flange 
thickness 




FIG. 1A 



2/14 




FIG. IB 




FIG. 2 




112 



FIG. 4 



6/14 




BUS 




257 



SENSOR 




LOGIC 





312 



FRAME GRABBER 



332 



DIO 



303 



I/O 



326 



A/D 
CONVERTER 



ILLUMINATOR. DEVICE 



164 



ILLUMINATOR. DEVICE 



166 

168 
J 

no 

LIGHT SENSING DEVICE^ 
172 



ILLUMINATOR. DEVICE 



LIGHT SENSING DEVICE 



LIGHT SENSING DEVICE 



274 



SHUTTERS —254 



AIR KNIVES —355 



316 



WHEEL SENSING 
DEVICE 



138 



WHEEL SENSING 
DEVICE 



140 
318 



WHEEL BRIGHTNESS 
SENSOR 



WHEEL BRIGHTNESS 
SENSOR 



242 
J 

139 
320 



PROXIMITY SENSING 

DEVICE 



PROXIMITYSENSING 77 /r 

DEVICE 



112 



ENVIRONMENTAL 159 
CONTROL UNIT 



314 



I 



HEATERS —162 



160- 



TEMP, HUMIDITY SENSOR 



158 



TEMP, HUMIDITY SENSOR 



T 




120 



SYSTEM 
CONTROL 
UNIT 



USER INTERFACE 



—350 



DISK 



—348 



REMOTE 
COMMUNICATIONS 



V-352 



FIG. 5 




FIG. 9 



12/14 



238- 



Sensor 234 
Sensor 236 



tl 


\ X2 




240-^ 





t3 \ 



t4 



time 



FIG. 11 



13/14 

START 
CLEAR WHEEL TIMER 



—SI 



MONITOR PROXIMITY SENSORS 
FOR APPROACHING TRAIN 



—S2 




SET WHEEL TIMER, TURN ON 
ILLUMINATORS.OPEN SHUTTERS, SET 
LEADING/TRAILING SENCE 
FOR SENSORS 



— S4 



S14 



TURN OFF 
ILLUMINATORS, 
CLOSE SHUTTERS 



MONITOR SENSOR FOR 
WHEEL PASSAGE 



-S5 



S6 

H-t4\N0 
AVAILABLE 



YES 




S13 



PROCESS IMAGES 
AND SAVE DATA 




CALCULATE WHEEL POSITION AND SPEED, 
CALCULATE TRIGGER DELAY FOR 
CAMERAS, SET WHEEL TIMER 



— S7 



SAVE IMAGES 



S20- 



READ SENSOR TO MEASURE 
TREAD BRIGHTNESS, 
SET LASER BRIGHTNESS 



TRIGGER CAMERAS 
TO TAKE IMAGES 




■S8 



FIG. 12 



14/14 



IMAGE DATA 1 
SENSING 


-ROM LIGHT 
DEVICES 






CONVERT DAI 
POINTS IN CI 
SYSTEM 0 


[AINTOXYZ 
ORDINATE 
F WHEEL 






ISOLATE F 
RIM SU 


ELD SIDE ■ 
RFACE 



CALCULATE ANGLE OF ATTACK 



ROTATE DATA BY ANGLE 
OF ATTACK 



ISOLATE FIELD SIDE RIM 
FACE POINTS FROM FIELD 
SIDE IMAGES 

t 



COMPUTE RIM BREAK CIRCLE 
CENTER AND RADIUS 



I 



ISOLATE REFERENCE 
GROOVE POINTS FROM 
FIELD SIDE I MAGES 

r 



COMPUTE REFERENCE 
GROOVE, CIRCLE CENTER 
AND RADIUS 



ISOLATE TREAD SURFACE 
POINTS AND CALCULATE 2ND, 
3RD ORDER SURFACE FITS 



REMOVE BAD POINTS 
FROM 2ND ORDER FIT 



REFIT 2ND ORDER SURFACE 
FROM GOOD TREAD POINTS 



ISOLATE GAGE SIDE RIM 
SURFACE POINTS AND FIT 
TO STRAIGHT LINE 



FIG. 13 



■S20 



S21 



-S22 



S23 



-S24 



S25 



S26 



■S27 



■S28 



S29 



S30 



■S31 



CALCULATE GAGE SIDE RIM 
FACE REFERENCE POINT 



ISOLATE TAPING CIRCLE 
POINTS 



COMPUTE CENTER AND 
RADIUS TAPING CIRCLE 



CALCULATE RIM THICKNESS 



LOCATE GAGE SIDE RIM 
BREAK POINT 



S3 2 



S33 



S34 



S35 



S36 



ROTATE IMAGE 3 DATA UNTIL 
GAGE SIDE RIM BREAK IS 
BELOW WHEEL CENTER 

t 



— S37 



ROTATE IMAGE 3 DATA ABOUT 
GAGE SIDE RIM BREAK UNTIL 
RIM SURFACE LINE IS VERTICAL 



— S3 8 



ISOLATE FLANGE POINTS 
IN IMAGE 3 



FIT FLANGE POINTS TO 2ND 
ORDER CURVE 



ISOLATE FLANGE PEAK 



ISOLATE TAPING POINT 
CORRESPONDING TO 
IMAGE 3 PROFILE 



CALCULATE FLANGE HEIGHT 



LOCATE FLANGE GAGE POINT 



CALCULATE FLANGE 
THICKNESS 



-S39 

-S40 
S41 

-S42 

■S43 

S44 
■S45 



